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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Holger Bock, Thomas Lindhorst 

Serial No.: Not Yet Assigned 

International Appln. No. : PCT/EP00/01852 
International Filing Date: 03 March 2000 
Priority Date Claimed: 03 March 1999 

For: OLIGOMERS SUBSTITUTED BY PHOSPHITE ESTER, PHOSPHONIC 

ACID OR CARBABORANE FUNCTIONS AND THE CORRESPONDING PNA 
MONOMERS 

PRELIMINARY AMENDMENT 

Box PCT 

Commissioner for Patents 
Washington, D.C. 20231 
Attn: DO/EO/US 

SIR: 

Preliminary to examination of the above-identified 
application kindly amend the application as follows: 

In the Claims: 

Kindly rewrite claims 3, 4, 5, 8, 9 and 10 as follows: 

3. (Amended) A compound as defined in claim 1, wherein W is a 
hydrogen atom, U one or more units of formula Y, and Z an OH 
group . 

4. (Amended) A compound as defined in claim 1, wherein at least 
one of the residues R 1 and R 2 exhibits one or more phosphite 
ester or phosphonic acid functions. 

5. (Amended) A compound as defined in claim 1, wherein at least 
one of the residues R 1 and R 2 exhibits one or more carbaborane 

771300A01082101 
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functions . 



8. (Amended) A compound as defined in claim 6, wherein the 
amine protecting group is an Fmoc f Boc, Cbz, Mmt, or Bhoc 
protecting group. 

9. (Amended) A process for the production of a compound as 
defined in claim 1, wherein compounds as defined in claim 6 are 
converted in known manner. 

10. (Amended) A method of using a compound as defined in claim 
1 for cancer therapy. 



The claims of the above-identified application have been 
amended to remove all multiple dependencies. No new matter has 
been added. Accordingly, an early examination of the 
application is respectfully requested. 



REMARKS 




Pitney, Hardin, Kipp & Szuch, LLP 
711 Third Avenue, 2 0th Floor 
New York, Mew York 10 017 
212-687-6000 
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APPENDIX : 

3. (Amended) A compound as defined in [claim 1 or claim 2] 
claim 1 , wherein W is a hydrogen atom, U one or more units of 
formula Y, and Z an OH group. . 

4. (Amended) A compound as defined in [any of the previous 
claims] claim 1, wherein at least one of the residues R 1 and R 2 
exhibits one or more phosphite ester or phosphonic acid 
functions . 

5. (Amended) A compound as defined in [any of the previous 
claims] claim 1, wherein at least one of the residues R 1 and R 2 
exhibits one or more carbaborane functions. 

8. (Amended) A compound as defined in [claim 6 or claim 7] 
claim 6 , wherein the amine protecting group is an Fmoc, Boc, 
Cbz, Mmt or Bhoc protecting group. 

9. (Amended) A process for the production of a compound as 
defined in [any of claims 1 to 5] claim 1, wherein compounds as 
defined in [any of claims 6 to 8] claim 6 are converted in known 
manner . 

10. (Amended) A method of using a compound as defined in [any 
of claims 1 to 5] claim 1 for cancer therapy. 
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TN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Holger Bock and Thomas Lindhorst 
09/914,052 

OLIGOMERS SUBSTITUTED BY PHOSPHITE ESTER, 
PHOSPHONIC ACID OR CARBABORANE 
FUNCTIONS AND THE CORRESPONDING PNA 
MONOMERS 

PCT/EPOO/01852 
03 March 2000 (03.03.00) 
03 March 1999 (03.03.99) 
Not Yet Assigned 
Not Yet Assigned 

745 Fifth Avenue 
New York, NY 10151 

SECOND PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to the examination of the above referenced application, Applicants respectfully 
request that the application be further preliminarily amended as follows: 



Applicant(s) 
Serial No. 
For 

Filed 

Int'l Appln. No. 
IntT Filing Date 
Priority Date 
Examiner 
Art Unit 
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In the Claims: 



Kindly rewrite claims 6 and 9 as follows: 



6. (Amended) A compound of the general formula II 




Rl R2 



II 



I 



in which T is hydrogen or a group of the formula 





R 15 Q 



or 



or 




the residue R 17 is hydrogen or allyl, benzyl, ethyl, methyl, 2,2,2-tricMoro-tert-butyl, 2,2,2- 
trichloroethyl, a-chloro-(trifluoromethyl)benzyl, 2-(p-toluenesulfonyl)ethyl, diphenyl-methyl, 2- 
(trimethylsilyl)ethyl, methoxymethyl, (2-trimethyl-silyl)ethoxymethyl ? benzyloxymethyl, or (2- 
methoxy) ethyloxymethyl, 

the residue P is hydrogen or an amine protecting group, 

the residue R 14 is a group of the formula CH n X 3 _ n (n = 0 to 3, X = F, CI, Br, I), a phenyl group, 
or a j9-methoxyphenyl group, and 

B', E, the residues R 1 and R 2 , and R 15 and R 16 have the meanings stated in claim 1. 
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9. (Twice Amended) A process for the production of a compound as defined in claim 1, wherein 
compounds of the general formula II 

Rl R 2 

H T O 
II 

in which T is hydrogen or a group of the formula 

the residue R 17 is hydrogen or allyl, benzyl, ethyl, methyl, 2,2,2-trichloro-tert-butyl, 2,2,2- 
trichloroethyl, a-chloro-(trifluoromethyl)benzyl, 2-(p-toluenesulfonyl)ethyl, diphenyl-methyl, 2- 
(trimethylsilyl)ethyl, methoxymethyl, (2-trimethyl-silyl)ethoxymethyl, benzyloxymethyl, or (2- 
methoxy)ethyloxymethyl, 

the residue P is hydrogen or an amine protecting group, 

the residue R 14 is a group of the formula CH n X 3 . n (n = 0 to 3, X = F, CI, Br, I), a phenyl group, 
or a p-methoxyphenyl group, and 

B', E, the residue R 1 and R 2 , and R 15 and R 16 have the meanings stated in claim 1 are converted 
in known matter 



-3- 
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REMARKS 

Consideration of the application as further preliminarily amended is respectfully 
requested. The claims have been amended to remove multiple dependencies. No new matter has 
been added. Accordingly, an early examination of the application is respectfully requested. 

The Commissioner is authorized to charge any additional fees that may be required to 
Deposit Account No. 50-0320. 

Respectfully submitted, 




(212) 588-0800 
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APPENDIX (with claim markings): 



6. (Amended) A compound of the general formula II 




o — R 17 



ii 



in which T is hydrogen or a group of the formula 



if 



or 



or 




the residue R 17 is hydrogen or allyl, benzyl, ethyl, methyl, 2,2,2-trichloro-tert-butyl, 2,2,2- 



trichloroethyl, a-chloro-(trifluoromethyl)benzyl, 2-(p-toluenesulfonyl)ethyl, diphenyl-methyl, 2- 
(trimethylsilyl)ethyl, methoxymethyl, (2-1ximethyl-silyl)ethoxymethyl, benzyloxymethyl, or (2- 
methoxy) ethyloxymethyl, 



the residue P is hydrogen or an amine protecting group, 

the residue R 14 is a group of the formula CH n X 3 - n (n = 0 to 3, X = F, CI, Br, I), a phenyl group, 
or a /7-methoxyphenyl group, and 

B', E, the residues R 1 [und] and R 2 , and R 15 [und] and R 16 have the meanings stated in [claims 1 
to 5] claim 1 . 
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9. (Twice Amended) A process for the production of a compound as defined in claim 1, wherein 
compounds of the general formula II 

R \ / 2 

i i ii 

H T O 
II 

in which T is hydrogen or a group of the formula 

» t n 

Rl6 

the residue R 17 is hydrogen or allvl. benzyl, ethvl. methyl. 2.2.2-trichloro-tert-butvl, 2.2.2- 
trichloroeth vl. a-chloro-(trifluoromethvnbenzvl. 2-fo-toluenesulfonvriethvl. diphenvl-methvl. 2- 
(trimethvlsi lvnethvl. methoxvmethvl. (2-trimethvl-silvDethoxvmethvl. benzvloxymethvl. or (2- 
metfaoxy)ethyloxvmethyl. 

the residue P is hydrogen or an amine protecting group. 

the residue R 14 is a group of the formula CHJC 3 .„ (n = 0 to 3. X = F. CI. Br. D. a phenyl group, 
or a p-methoxvphenvl group, and 

B', E. the residue R 1 and R 2 . and R 15 and R 16 have the meanings stated in claim 1 [wherein 
compounds as defined in claim 6] are converted in known matter. 
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Oligomers substituted by phosphite ester , phosphonic 
acid, or carbaborane functions and the corresponding 

PNA monomers 

The invention relates to novel oligomers containing PNA units 
substituted by phosphite ester, phosphonic acid, or carbaborane 
functions, and to PNA monomers substituted by phosphite ester, 
phosphonic acid, or carbaborane functions, from which the novel 
oligomers are produced. 




It is known that peptidonucleic acids (PNAs) can bind to comple- 



mentary nucleic acids (DNA or RNA) with greater affinity than 
their natural prototypes (M. Egholm, O. Buchardt, L. Christen- 
sen, C. Behrens, S.M* Freier, D.A. Driver, R.H. Berg, S.K. Kim, 
B. Norden, P.E. Nielsen, Nature, 1993, 365, 566-568, B. Hyrup, 
P.E. Nielsen, Bioorg. Med. Chem. , 1996, 4, 5-23). 

However, the ability of hitherto known PNA oligomers to permeate 
into cells is very low compared with DNA or RNA. The usefulness 
of PNAs as antisense agents is greatly dependent on their intra- 
cellular availability, however. 

Thus it is the object of the present invention to provide oligo- 
mers which, like PNAs, can bind to DNAs or RNAs whilst exhibi- 
ting improved ability to permeate into cells. 

This object is achieved in the present invention by compounds of 
the formula 

w-u-z 



in which W may be a hydrogen atom or an amino acid unit or PNA 
unit . 

U contains at least one unit of the formula Y and possibly one 
or more amino acid units and/or PNA units. 



2 can be an OH function, an amino acid unit, or a PNA unit. 



The inventors have found that the introduction of one or more 
phosphonic acid functions or phosphite ester functions, in par- 
ticular, but alternatively the introduction of one or more carb- 
aborane functions, into the side chain increases the cell- 
permeating ability of the PNA oligomers. 

Y is a unit of the formula: 



H 



D 



O 



il 




Y 



in which 



B' denotes a group of the formula: 



RlO Rl2 



I I 

C — C 



RH Rl3 



and 



D denotes a group of the formula: 




Rl6 
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The residues R 10 to R 13 can independently contain up to 20 carbon 
atoms, preferably 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 carbon atoms. 
They can independently be hydrogen atoms, unsubstituted alkyl, 
alkenyl, alkaryl, aryl, or alicyclic groups, which groups may be 
branched or unbranched; these residues are preferably hydrogen 
atoms . 

Optionally two of the residues R 10 to R 13 , which are separated 
from each other by up to two carbon atoms, can in each case be 
components of a common ring system, this ring system being eit- 
her an alicyclic monocyclic compound (3-8 ring atoms), that is 
unsubstituted or is substituted by a branched or unbranched C1-C5 
alkyl group, or a phenyl ring; this ring system is preferably an 
unsubstituted cyclopentyl, cyclohexyl, or phenyl ring. 

The residues R 15 and R 16 can independently contain up to 20 carbon 
atoms and preferably 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 carbon 
atoms. They are independently selected from the group comprising 
hydrogen atoms and unsubstituted alkyl, alkenyl, alkaryl, aryl, 
or alicyclic groups, said groups being branched or unbranched; 
more preferably, these residues are hydrogen atoms. 

The residues R 16 and R 16 can optionally be components of a common 
ring system, this ring system being an alicyclic monocyclic com- 
pound (3-6 ring atoms) that is unsubstituted or substituted by a 
branched or unbranched C1-C5 alkyl group. This ring system is 
preferably an unsubstituted cyclohexyl ring or a cyclopentyl 
ring. 

Throughout this application, the alkyl groups can be, for examp- 
le, methyl, ethyl, propyl, or butyl groups. 

E can be a natural or synthetic nucleobase optionally 
substituted by protecting groups, such as X 1 to X 4 . Such 
nucleobases are capable of forming Watson-Crick or Hoogsteen 
base pairs. 



p re ferably f E can be a group of one of the following formulas: 





★ substitution site 

f 

in which X 1 to X 4 can independently be hydrogen atoms or one of 
the following substituents known from the technology of protec- 
ting groups for nucleobases: 

X 1 , X 2 , and X 4 : acetyl (Ac), isobutyryl (iBu-CO) , carbobenzoxy 
(Cbz) , (4-methoxyphenyl) diphenylmethyl (Mmt) , benzhydryloxycar- 
bonyl (Bhoc) , and anisoyl (An), 4- tert-butylbenzoyl (tBuBz) . 

X 3 : benzyl (Bn) , diphenylcarbamoyl (Dpc) . 

Most preferably, E is selected from: 

N 2 -acetylguaninyl, N 2 -isobutyrylguaninyl, N 2 - 
benzyloxycarbonylguaninyl , N 2 - ( 4- 
methoxyphenyl ) diphenylmethylguaninyl , N 2 - 

benzhydryloxycarbonylguaninyl , N 6 -benzyloxycarbonyladeninyl , N 6 - 
( 4 -methoxyphenyl ) diphenylmethyladeninyl , N 6 -anisoyladeninyl , N 6 - 
benzhydryloxycarbonyladeninyl, 0 6 -benzylguaninyl (X 1 is a hydro- 
gen atom) , N 2 -acetyl-0 € -diphenylcarbamoylguaninyl, N 2 -isobutyryl 
O 6 ~diphenylcarbamoylguaninyl, N 2 -benzyloxycarbonyl-0 6 - 
diphenylcarbamoylguaninyl, N 2 - (4-methoxyphenyl) diphenylmethyl-0 
diphenylcarbamoylguaninyl, N 2 ~benzhydryloxycarbonyl-0 6 - 
diphenylcarbamoylguaninyl, N 4 -benzyloxycarbonylcytosinyl, N 4 - (4- 
methoxyphenyl) diphenylmethylcytosinyl, N 4 -4- tert- 
butylbenzoylcytosinyl, N 4 -benzhydryloxycarbonylcytosinyl, N 2 - 
benzyloxycarbonyl-pseudoisocytosinyl, N 2 - (4- 

methoxyphenyl ) diphenylmethyl -pseudoisocytosinyl, N 2 -4- tert- 
butylbenzoyl-pseudoisocytosinyl, N 2 -benzhydryloxycarbonyl- 
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pseudoisocytosinyl, adeninyl, cytosinyl, pseudoisocytosinyl, 
guaninyl, thyminyl, or uracinyl residue . 

Most preferably, E is an adeninyl, cytosinyl, 
pseudoisocytosinyl, guaninyl, thyminyl, or uracilyl residue. 

The residues R 1 and R 2 can independently be H-substituted alkyl, 
alkenyl, alkaryl, aryl, or alicyclic groups containing up to 20 
carbons, whilst at least one of the residues R 1 or R 2 exhibits 
one or more phosphite ester, phosphonic acid, or carbaborane 
functions . 

Phosphonic acid functions can have, for example, the formula 
-P(=0) (OH) 2. 

Phosphite ester functions can have, for example, the formula 
-p(=0) (OV) 2 or P(=0) (OV) (OH) . V can be an unsubstituted alkyl, 
alkenyl, alkaryl, aryl, or alicyclic group containing up to 20 
carbons, more preferably up to 7 carbon atoms, and is most pre- 
ferably a methyl, ethyl, or benzyl group. 

Carbaborane functions containing up to 20 boron atoms - in par- 
ticular up to 12, 10 or 8 boron atoms - and from 1 to 4 carbon 
atoms are preferred, known carbaborane functions being particu- 
larly preferred. 

Preferably, the residues R 1 or R 2 contain 1, 2, 3, 4, 5, 6, 7, 8, 
9, or 10 carbon atoms and are defined as above. 

The residues R 1 and R 2 can be branched or unbranched. Most pre- 
ferably, the residues R 1 and R 2 are defined as above whilst at 
least one of R 1 and R 2 is or contains a substituent of a synthe- 
tic amino acid. 

Very preferably, the residues R 1 and R 2 are independently selec 
ted from the group comprising hydrogen atoms and units of formu 



las -CH 2 -[P(=0) (0-K) 3 ] and -CH 2 ~C (CH 3 ) 2- [P (=0) (0-K) 2 ] , K being a 
hydrogen atom or a methyl, ethyl, or benzyl group. 

PNAs are optionally substituted oligomers having a N- (2- 
aminoethyl) glycine backbone* The substituent NB is a nucleobase. 




OH 



PNA oligomers are produced by linking peptide bonds between sub- 
stituted N-acetyl-n~ (2 -aminoethyl) glycine building blocks (PNA 
monomers) . In the oligomer, each of these substituted N- acetyl- 
23- (2-aminoethyl) glycine building blocks is a PNA unit. In the 
present invention, PNA units known per se can be used, units of 
the above formula being preferred. 

Preferably, the compound W-U-Z is composed of up to 50, more 
preferably up to 40, and most preferably up to 30, of these 
units W, U and Z. For example, such compounds W-U-Z can contain 
up to 5 units of formula W, up to 30 units of formula U and up 
to 10 units of formula Z. 

More preferably, W is a hydrogen atom, U comprises one or more 
units of formula Y and one or more PNA units, and Z is an OH 
group. 

Most preferably, W is a hydrogen atom, U one or more units of 
formula Y, and Z an OH group. 

If the oligomers contain carbaborane functions, they can be used 
in a boron neutron capture therapy (BNCT) for controlling can- 
cerous tumors. BNCT involves the transfer of boron-containing 
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molecules into cancer cells. The cells are then bombarded with 
slow neutrons, by which means the boron atoms decompose to high- 
energy particles and irreversibly destroy the surrounding tissue 
(Chemie in unserer Zeit 1997, 31st Year of Issue No. 5, 235) . In 
BNCT work, boron-containing amino acids, sugars, porphyrins, 
phospholipides, thiouracil derivatives, nucleotide analogs, and 
nucleosides have been synthesized and examined (M. F. Hawthorne, 
Angew. Chem. 1993, 105, 997) . 

In the present invention, U can be an oligopeptide made up of 
amino acid units and/or PNA units and at least one unit of for- 
mula Y linked together in any order. 

The oligomers of the invention can be produced, for example, by 
means of processes described in the literature by conversion of 
compounds of the general formula II in known manner (eg, L. 
Christensen, R. Fitzpatrick, B. Gildea, K.H* Petersen, H. F. Han- 
sen, T. Koch, M. Egholm, 0. Buchaedt, P.E. Nielsen, J. Coull, 
R.H- Berg, J.Pept.Sci. 1995, 1, 175-183, T. Koch, H. F. Hansen, 
P. Andersen, T. Larsen, H.G* Batz, K. Otteson, H. Oerum, 
J.Pept.Res. 1997, 49, 80-88, F. Bergmann, W. Bannwarth, S. Tarn, 
Tetrahedron Lett. 1995, 36, 6823-6826) 

In the compounds of the general formula II 




Rl R2 



II 



B 1 is as defined above, 



T is a hydrogen atom or a group of the formula 




or 




or 



Rl5 O 
I II 




The residue R 17 can be a hydrogen atom or an allyl, benzyl, 
ethyl, methyl, 2,2, 2-trichloro- tart-butyl, 2,2, 2-trichloroethyl, 
a-chloro (trif luoromethyl) benzyl, 2- (p-toluenesulf onyl) ethyl, 
diphenylmethyl , 2- (trimethylsilyl) ethyl, methoxymethyl, (2- 
trimethylsilyl) ethoxymethyl, benzyloxymethyl, or (2- 
methoxy) ethyloxymethyl group. 

When the residue R 17 is not a hydrogen atom, it can be bound to a 
solid phase. A suitable solid phase comprises any conventional 
solid-phase resin as used in organic solid-phase synthesis, and 
polystyrene-divinylbenzene resins, polyethylene glycol resins or 
polyethylene glycol polystyrene resins are preferred. 

P can be a hydrogen atom or a cleavable amine protecting group. 
The amine protecting group must be selectively cleavable in the 
presence of the nucleobase protecting groups X 1 to X 4 . Pre- 
ferably, P is a hydrogen atom, an oxocarbamate or thiocarbamate 
protecting group, and more preferably, a hydrogen atom or an 
Fmoc, Boc, Cbz, Mmt or Bhoc protecting group. 

The residue R 14 can be a group of formula CH n X 3 - n (n = 0 to 3, X = 
F, CI, Br, I), phenyl or p-methoxyphenyl . 

E, the residues R 1 and R 2 , and R 15 and R 16 have the meanings sta- 
ted above. 

The compounds of the general formula II can, for example, be 
produced from compounds of the general formula I by known me- 
thods {PCT/EP 98/04622) . 



The synthesis of compounds of the general formula I is effected 
by means of the Ugi reaction (U 4CR) , for example, according to 
the following reaction diagram: 
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I 

The reaction can be carried out, for example, as described in 
the literature (I. Ugi et al., Cheiru Ber., 1961, 94, 2802). 

The nucleobase acetic acid components E-C (R 15 R 16 ) -COOR are produ- 
ced as described in the literature (E. Uhlmann, A. Peyman, G. 
Breipohl, D.W. Will, Angew. Chem. , 1998, 110, 2954-2983). 

The amine components of the general formula IV are produced, eg, 
by the Krapcko method (A. P. Krapcko, C.S. Kuile, Synthetic Com- 
munications, 1990, 20(16), 2559-2564). 

The isocyanide components of the general formula V can be produ- 
ced by any of the processes disclosed in Patent Application 
PCT/EP 98/04622. The processes are suitable for both resin- 
bonded isocyanide components and non-resin-bonded isocyanide 
components . 

The compounds of the general formula I are then converted, eg by 
the process described in the literature (Th. Lindhorst, H. Bock, 
I. Ugi, Tetrahedron 1999, 55, 7411-7420; PCT/EP 98/04622) to gi- 
ve the compounds of the general formula II. This is carried out, 
e 9r by the addition of an equimolar amount of a nucleophilic ba- 
se, such as potassium ter t-butanolate, to the compounds of the 
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general formula I in an aprotic solvent, for example as demon- 
strated by the following diagram: 



Rl R 2 0 

n H T O O 



H T 6 O 
I 



H T O 
VI 



In the compounds of the general formula I 

Rl R2 h 

H T O O 



the groups B', T, P, and residues R 1 und R 2 have the same 
meanings as stated for the compounds of the general formula II. 

The residue R 7 has the same meaning as stated for residue R 17 in 
the compound of the general formula II or may be a phenyl group 
but not a hydrogen atom. 

A can be a group of the formula -C (R 3 , R 4 ) -C (R 5 , R 6 ) -, in which the 
residues R 3 to R 6 are independently hydrogen, phenyl, or methyl. 

This process is particularly well suited for the generation of 
novel PNA monomers whose side chains correspond to those of un- 
natural amino acids. Hitherto known procedures involved the ela- 
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borate production of the synthetic amino acid for this purpose. 
Following basic cleavage of the Oterminal protecting group, the 
base-stable protecting group P can be optionally replaced by a 
base-labile protecting group P (eg, Fmoc) . 

If the residue R 7 lowers the nucleophilicity of the oxygen atom 
bound thereto (when R 7 is, eg, a phenyl group), the intermediate 
products VI are isolable (cf Patent Application PCT/EP 
98/04622) . VI can then be converted by mild basic hydrolysis to 
the compounds of the general formula II, in which R 17 is a hydro- 
gen atom. 

If, in the compounds of the general formula I, the residue R 7 
does not lower the nucleophilicity of the oxygen atom bound the- 
reto, the intermediate products VI are not isolable. In such 
cases, VI reacts in situ with the alkoxides (Alkoholation) for- 
med by the intramolecular ring closure to give the corresponding 
esters of the general formula II, for example as shown by the 
following diagram. 



o 

R \ / r2 



e 



O— 



H 



T O 
VI 



R^ R2 

I I II 

H T O 



II 



O 

K< 

A 



Following the basic cleavage of the C-terminal protecting group, 
it is possible to remove a base-stable protecting group P as de- 
fined above (eg, Boc) in the compounds of the general formula II 
by commonly used methods and to optionally replace it by a new 
protecting group selectively cleavable in the presence of the 
nucleobase protecting groups X 1 to X 4 (eg, the base-labile pro- 
tecting group Fmoc) . 
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Beispiele : 



Example 1 : Production of 



o 

A 




BlO^lO 



Y 

O 



'Me 



5 mmol each of thyminyl acetic acid, 2-(l,2- 

dicarbaclosododecaborone) ethanal, N-Boc ethylene diamine, and 
methyl 2-isocyano-2, 2- (dimethyl) ethylcarboxylate are dissolved 
in 50 mL of trif luoroethanol and stirred at 25°C. On completion 
of the reaction, the solvent is removed . 

The reaction mixture is purified by column chromatography. The 
reaction product is obtained in 70 % yield. 

Example 2 : Production of 



2 mmol of the reaction product of Example 1 are dissolved in 10 
mL of absolute THF, and 2 mmol of sodium hydride are added at 



o 
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25°C. On completion of the reaction, the reaction mixture is 
filtered through a short silica gel column. The solvent is remo- 
ved and the reaction product purified by column chromatography. 
The reaction product is obtained in a yield of 70 I. 

Example 3: Production of 

O 




5 mmol each of (N 4 -Cbz-cytosyl) acetic acid, 2- (1,2- 
dicarbaclosododecaborane) ethanal, N-Boc ethylene diamine, and 
methylpolystyrene 2-isocyano-2, 2- (dimethyl) ethylcarboxylate are 
suspended in 50 mL of trif luoroethanol and stirred at 25°C. On 
completion of the reaction, the solvent is removed via a frit 
and the reaction mixture washed a number of times with methanol, 
dichlorome thane, a pH 9 sodium hydrogencarbonate solution, and 
water. 

The reaction product is obtained in a yield of 80 % (determine 
by bromometric detection of unconverted isocyanide resin) . 
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Example 4: Production of 




2 mmol of the reaction product of Example 3 are suspended in 10 
mL of absolute THF, and 2 rrtmol of potassium tert-butanolate are 
added at 25 °C. On completion of the reaction, the solvent is re- 
moved via a frit and the reaction mixture washed a number of 
times with methanol, dichloromethane, a pH 9 sodium hydrogencar- 
bonate solution, and water. 

The reaction product is obtained in a yield of 60 % . 



Example 5: Production of 
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o 




5 mmol each of (N 4 -Cbz-cytosyl) acetic acid, 2-{l,2- 
dicarbaclosododecaborane) ethanal, N-Boc ethylene diamine, and 
phenyl 2-isocyano-2, 2- (dimethyl) ethylcarboxylate are dissolved 
in 50 mL of trif luoroethanol and stirred at 25°C. On completion 
of the reaction, the solvent is removed. 

The reaction mixture is purified by column chromatography. The 
reaction product is obtained in 80 % yield. 

Example 6: Production of 
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2 mmol of the reaction product of Example 5 are dissolved in 10 
mL of absolute THF, and 2 mmol of potassium tert-butanolate are 
added at 25 °C. On completion of the reaction, an aqueous 1M po- 
tassium hydroxide solution is added to the reaction mixture, 
which is stirred until no more conversion can be detected. The 
reaction solution is neutralized and the solvent removed. The 
reaction product is purified by column chromatography. The reac- 
tion product is obtained in a yield of 70 

Example 7 : Production of 



5 mmol each of (N 4 -Cbz-cytosyl) acetic acid, diethyl 2-phosphite 
ester ethanal, N-Boc ethylene diamine, and phenyl 2-isocyano- 
2, 2- (dimethyl) ethylcarboxylate are dissolved in 50 mL of etha- 
nol. In order to improve the solubility properties of (N 4 -Cbz- 
cytosyl) acetic acid, 5 mmol of triethylamine are added and the 
mixture is stirred at 25 °C. On completion of the reaction, the 
solvent is removed. 

The reaction mixture is purified by column chromatography. The 
reaction product is obtained in 70 % yield. 



H— 



Cbz 



Boc — 




o 
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Example 8 : Production of 



Boc — ] 




P(oa>2 



o 



2 mmol of the reaction product of Example 7 are dissolved in 10 
mL of absolute THF, and 2 mrnol of potassium tert-butanolate are 
added at 25 °C. On completion of the reaction, 2 mmol of potassi- 
um hydroxide as aqueous 1M solution are added to the reaction 
mixture, which is stirred until no more conversion can be detec- 
ted. The reaction solution is neutralized and the solvent remo- 
ved. The reaction product is purified by column chromatography. 
The reaction product is obtained in a yield of 55 %. 

Example 9: Production of 



2 mmol of the reaction product of Example 8 are dissolved in 10 
mL of absolute THF, and 2 mmol of potassium hydroxide as aqueous 
1M solution are added at 50°C. On completion of the reaction, 
the reaction solution is neutralized and the solvent removed. 



H— 



Cfez 




o 
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The reaction product is purified by preparative HPLC. The reac- 
tion product is obtained in a yield of 40 %. 



Example 10 : Preparation of 




Synthesis procedure : 

Step 1: 100 mg of the reaction product of Example 4 are presoa- 
ked in dichloromethane for 12 h, 

Step 2 : deprotection with tert-butyloxycarbonyl in a peptide 

synthesizer using a 50% strength solution of trifluoroa- 
cetic acid in dichloromethane (1:1 v/v, 2 ml, 1x2 mi- 
nutes, 1x30 min) , 

Step 3: washing with dichloromethane (2 ml, 4 x 20 seconds), 

Step 4: neutralization with DIPEA/dichloromethane (1:19 v/v, 2 
ml, 2x3 min) , 

Step 5: washing with dichloromethane (2 ml, 2 x 20 seconds), wa- 
shing with DMF (2 ml, 3 x 20 seconds), 

Step 6: addition of 4 equivalents of HBTU and diethyl cyclohexy- 
lamine in DMF/pyridine (1:1 v/v) und 4 equivalents of 
the reaction product of Example 8, 

Step 7: washing with DMF (2 ml, 3 x 20 seconds) und dichloro- 
methane (3 ml, 3 x 20 seconds) , 
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Step 8: capping with a solution of 0,5 M acetic anhydride/0,5 M 
DMF, 

Step 9: washing with DMF (2 ml, 3 x 20 seconds) und dichloro- 
methane (3 ml, 3 x 20 seconds) , 

Step 10: repetition of the synthesis cycle from Step 2, while in 
Step 6 4 equivalents of the reaction product of Example 
6 are used instead of the reaction product of Example 8, 

Step 11: drying in a stream of nitrogen. 

The product is obtained in a yield of 97%. 
Example 11: Production of 




The reaction product of Example 10 is suspended in methanol, and 
a catalytic amount of platinum-on-carbon is added. The reaction 
mixture is hydrogenated under a blanket of hydrogen. 

On completion of the reaction, the solvent is removed, and the 
product is purified by preparative HPLC. The reaction product is 
obtained in a yield of 96 %. 
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Example 12: Production of 




The reaction product of Example 11 is suspended in dichloro- 
methane. There are added 1 mL each of trif luoroacetic acid and 
thiophenol. On completion of the reaction, the reaction product 
is purified by preparative HPLC. The reaction product is ob- 
tained in a yield of 99 %. 
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Claims 



1 . A compound of the formula 

w-u-z 

in which W is a hydrogen atom, an amino acid unit, or a PNA 
unit, 

U contains at least one unit of the formula Y and, optionally, 
one or more amino acid and/or PNA units, 

Z is an OH function, an amino acid unit, or a PNA uni/t, 

Y is a unit of the formula 



H 



D 



O 



II 




in which 



B T is a group of the formula, 



RlO Rl2 




Rll Rl3 



D is a group of the formula 
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I II 
-C— O- 

Rl6 



the residues R to R independently contain up to 2 0 carbon 
atoms and independently denote hydrogen atoms or unsubstituted 
alkyl, alkenyl, alkaryl, aryl, or alicyclic groups, said group 
being branched or unbranched, and optionally two each of the re- 
sidues R 10 to R 13 , separated from each other by up to two carbon 
atoms, are components of a common ring system, which ring system 
is either an alicyclic monocyclic compound (3-8 ring atoms), op- 
tionally substituted by a branched or unbranched Cis alkyl 
group, or a phenyl ring, 

the residues R 15 and R 16 independently contain up to 20 carbon 
atoms and independently denote hydrogen atoms or unsubstituted 
alkyl, alkenyl, alkaryl, aryl, or alicyclic groups, said groups 
being branched or unbranched, and optionally the residues R 15 and 
R 16 are components of a common ring system, which ring system is 
an alicyclic monocyclic compound (3-6 ring atoms) , optionally 
substituted by a branched or unbranched Ci_s alkyl group, 

E is a natural or synthetic nucleobase, optionally substituted 
by protecting groups and capable of forming Watson-Crick or 
Hoogsteen base pairs, and 

the residues R 1 and R 2 are independently hydrogen atoms, alkyl, 
alkenyl, alkaryl, aryl, or alicyclic groups containing up to 20 
carbons, whilst at least one of the residues R 1 and R 2 exhibits 
one or more phosphite ester, phosphonic acid, or carbaborane 
functions . 



2* A compound as defined in claim 1, comprising a total of up to 
50 of the said units W, U and 2. 
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3. A compound as defined in claim 1 or claim 2, wherein W is a 
hydrogen atom, U one or more units of formula Y, and Z an OH 
group. 

4. A compound as defined in any of the previous claims, wherein 
at least one of the residues R 1 and R 2 exhibits one or more phos- 
phite ester or phosphonic acid functions. 

5. A compound as defined in any of the previous claims, wherein 
at least one of the residues R 1 and R 2 exhibits one or more carb- 
aborane functions. 

6. A compound of the general formula II 



Rl R 2 

i i ii 

H T O 
II 



in which T is hydrogen or a group of the formula 

if n n 



the residue R 17 is hydrogen or allyl, benzyl, ethyl, methyl, 
2,2,2-trichloro-tert-butyl, 2, 2, 2-trichloroethyl, a-chloro- 
(trifluoromethyl) benzyl, 2- (p-toluenesulf onyl) ethyl, diphenyl- 
methyl, 2- (trimethylsilyl) ethyl, methoxymethyl, (2-trimethyl- 
silyl) ethoxymethyl, benzyloxymethyl, or (2- 
methoxy) ethyloxymethyl , 



the residue P is hydrogen or an amine protecting group, 
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the residue R 14 is a group of the formula CH n X 3 -n (n = 0 to 3, X = 
F, CI, Br, I), a phenyl group, or a p-methoxyphenyl group, and 

B' , E, the residues R 1 und R 2 , and R 15 und R 16 have the meanings 
stated in claims 1 to 5. 

7. A compound as defined in claim 6, wherein the residue R 17 is 
not a hydrogen atom and is bound to a solid phase. 

8. A compound as defined in claim 6 or claim 7, wherein the ami- 
ne protecting group is an Frnoc, Boc, Cbz, Mmt, or Bhoc protec- 
ting group. 

9. A process for the production of a compound as defined in any 
of claims 1 to 5, wherein compounds as defined in any of claims 
6 to 8 are converted in known manner. 

10. A method of using a compound as defined in any of claims 1 
to 5 for cancer therapy. 
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Functions and the Corresponding PNA 
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 CFR 1.9(f) and 1.27(c» - SMALL BUSINESS CONCERN 

I hereby declare that I am 

□ the owner of the small business concern identified below: 

an official of the small business concern empowered to act on behalf of the concern 
identified below: 

NAME OF CONCERN Ugichem GmbH 

ADDRESS OF CONCERN Georgenschwaigstr. 38 

80807 Munich, Germany 

I hereby declare that the above-identified small business concern qualifies as a small business concern as 
defined in 13 CFR 121.12, and reproduced in37CFR 1.9(d), for purposes of paying reduced fees to the 
United States Patent and Trademark Office, in that the number of employees of the concern, including 
those of its affiliates, does not exceed 500 persons. For purposes of this statement, (1) the number of 
employees of the business concern is the average over the previous fiscal year of the concern of the 
persons employed on a full-time, part-time or temporary basis during each of the pay periods of the fiscal 
year, and (2) concerns are affiliates of each other when either, directly or indirectly, one concern controls 
or has the power to control the other, or a third party or parties controls or has the power to control both. 

I hereby declare that rights under contract or law have been conveyed to and remain with the small 
business concern identified above with regard to the invention, entitled "Oligomers Substituted by 
Phosphite Ester, Phosphonic Acid or Carbaborane Functions and the Corresponding PNA 
Monomers" by mventor(s) Holger Bock and Thomas Lindhorst described in 

Q the specification filed herewith. 

[X] application serial no. 09/914,052, filed 

□ patent no. , issued 

If the rights held by the above-identified small business concern are not exclusive, each individual 

Sb?^ 8111 ^ 'T 118 ? ghtS t0 inVenti0n iS Hsted beW and no ri 8 hts to * e Mention are 
held by any person, other than the inventor, who would not qualify as an independent inventor under 37 
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CFR 1 .9(c) if that person made the invention, or by any concern which would not qualify as a small 
business concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 1.9(e). 

Full Name: 
Address: 

□ Individual □ Small Business Concern □ Nonprofit Organization 

Full Name: 
Address: 

□ Individual □ Small Business Concern □ Nonprofit Organization 

Full Name 
Address 

□ Individual □ Small Business Concern □ Nonprofit Organization 

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting 
in loss of entitlement to small entity status prior to paying, or at the time of paying, the earliest of the 
issue fee or any maintenance fee due after the date on which status as a small entity is no longer 
appropriate. (37 CFR 1.28(b)) 



I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application, any patent issuing thereon, or any patent to which this 
verified statement is directed. 

Name of Person Signing: H(?L(jjir $(?ck> 

Title in Organization: 
(if other than owner) 

Address of Person Signing: Ugichem GmbH 

Georgenschwaigstr. 18 
80807 Munich, Germany 




Signature: Date: PrlakXr 1004 
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